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I. INTRODUCTION 
Th i s  r e p o r t  rev iews  the  p rogres s  made on development  of a 
r e g e n e r a t i v e  hydrogen-oxygen. f u e l  c e l l ,  under  NASA C o n t r a c t  3 - 2 7 8 1 ,  
d u r i n g  t h e  pe r iod  1 Jan . - -31  Mar. 1965. The program o b j e c t i v e  i s  
the  development of  a n  e l e c t r i c a l l y  r e g e n e r a t i v e  hydrogen-oxygen 
f u e l  c e l l  t h a t  w i l l  be  s u p e r i o r  i n  performance t o  c u r r e n t l y  a v a i l a b l e  
r e c h a r g e a b l e  b a t t e r i e s .  The dev ice  under development  c o n s i s t s  o f  a 
c e l l  s t a c k  t h a t  i s  u t i l i z e d  b o t h  as a n  e l e c t r o l y z e r  d u r i n g  cha rge  
p e r i o d s ,  and a s  a f u e l  c e l l  d u r i n g  d i s c h a r g e  p e r i o d s .  I n t e g r a l  
g a s  s t o r a g e  t anks  a r e  used t o  c o n t a i n  the  hydrogen and  oxygen gas  
gene ra t ed  d u r i n g  cha rge .  Such a dev ice  o f f e r s  a d v a n t a g e s  i n  the  
area o f  w a t t  h o u r s / l b . ,  h i g h  ambient  tempera ture  o p e r a t i o n  and  
g r e a t e r  c y c l e  l i f e  t h a t  can  be ob ta ined  from e x i s t i n g  secondary  
b a t t e r i e s .  A two phase program i s  b e i n g  conducted .  Phase  I 
c o n s i s t e d  o f  the  d e s i g n ,  development and t e s t i n g  of  a nominal 
75  w a t t ,  44 w a t t  h o u r ,  6 c e l l  u n i t  t o  demons t r a t e  t h e  f e a s i b i l i t y  
o f  a m u l t i - c e l l  r e g e n e r a t i v e  dev ice .  Th i s  phase  h a s  been completed.  
Phase I1 c o n s i s t s  o f  the d e s i g n  and development of a 500-watt, 
600-watt  h o u r ,  3 4  c e l l  u n i t  o f  minimum w e i g h t ,  f o r  e v a l u a t i o n  as  a 
f 1 i gh t pro  t o  type  . 
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2. SUMMARY 
During the pe r iod  c o v e r e d ,  major a s p e c t s  o f  t h e  d e s i g n  f o r  t h e  
500 w a t t  m u l t i - c e l l  u n i t  were completed and components a r e  b e i n g  
f a b r i c a t e d .  S i n g l e  c e l l  t e s t i n g  i s  b e i n g  con t inued  i n  o r d e r  t o  
o b t a i n  a d d i t i o n a l  i n f o r m a t i o n  on  e l e c t r o d e ,  e l e c t r o l y t e  and a s b e s t o s  
m a t r i x  s t r u c t u r e s .  L i f e  t e s t i n g  of s i n g l e  and m u l t i - c e l l  u n i t s  
were i n i t i a t e d .  A s i n g l e  c e l l  was c y c l e d  c o n t i n u o u s l y  f o r  205 
cycles  a t  which p o i n t  t h e  t e s t  was d i s c o n t i n u e d .  A m u l t i - c e l l ,  
75-wat t  u n i t  i s  on con t inuous  c y c l e  and has exceeded 200 cycles 
a t  the  w r i t i n g  of  t h i s  r e p o r t ,  wi th  no d e g r a d a t i o n  performance.  
The i n s t r u m e n t a t i o n  and c o n t r o l  panel  f o r  t e s t i n g  o f  t h e  500 w a t t  
u n i t  h a s  been d e s i g n e d ,  and f a b r i c a t e d .  
4 1 10 -QL-3 2 
3 TECHNICAL DISCUSSION 
3.1 S i n g l e  Cell  Test 
During t h i s  p e r i o d ,  s i n g l e  c e l l  tes ts  o f  t h e  type  d e s c r i b e d  
i n  t h e  p rev ious  semi-annual  r e p o r t  were con t inued .  Tab le  1 summarizes 
t h e  s i n g l e  c e l l  t e s t s  i n i t i a t e d  and d e s c r i b e s  the  c e l l  c o n s t r u c t i o n s  
and r e s u l t s  o b t a i n e d .  A l l  of the  s i n g l e  c e l l  t e s t s ,  w i t h  the e x c e p t i o n  
o f  some o f  t h e  h i g h  c a p a c i t y  t es t s ,  were conducted u s i n g  t h e  s t a n d a r d  
c y c l e ,  i . e . ,  65 minu tes  cha rge ,  35 minu tes  o f  d i s c h a r g e ;  d i s c h a r g e  
c u r r e n t  i n  the  range  o f  15-17 amps . ,  cha rge  c u r r e n t  i n  the  range  of  9-10 
amps. 
C e l l  # 44 was se t  up  wi th  the  o b j e c t  o f  runn ing  a n  ex tended  
term c y c l i n g  tes t  t o  de t e rmine  e f f e c t s  t h a t  might  o c c u r  o v e r  a long  
p e r i o d  of  c y c l i n g .  C y c l i n g  was cont inued  o n l y  d u r i n g  the working d a y ,  
and the  ce l l  was a l lowed t o  s i t  a t  t empera tu re  o v e r  n i g h t  a t  t h e  p r e s s u r e  
a t  which the c y c l e  was s topped .  Throughout t h e  e n t i r e  c y c l i n g  p e r i o d ,  
c a l c u l a t i o n s  o f  ampere hour  i n p u t  v s .  ampere hour  o u t p u t  showed t h a t  
t h e  c e l l  e x h i b i t e d  poor  F a r a d a i c  e f f i c i e n c y ,  i . e . ,  i n  the  o r d e r  o f  
75-80 p e r c e n t .  As ide  from t h i s  d e f i c i e n c y ,  no o t h e r  obvious  
d e t e r i o r a t i o n s  were observed throughout  t h i s  t es t  p e r i o d .  
A f t e r  41 c y c l e s ,  i t  was dec ided  t o  d i sa s semble  t h e  c e l l  and 
r e b u i l d  i t  w i t h  i n c r e a s e d  compression on t h e  mat ( t o  reduce  F a r a d a i c  
i n e f f i c i e n c i e s ) ,  and t o  i n s t a l l  a p r e s s u r e  swi t ch  f o r  cha rge  c u t - o f f  
so  t h a t  the c e l l  cou ld  be c y c l e d  c o n t i n u o u s l y .  An a n a l y s i s  o f  t h e  m a t  
t aken  from c e l l  # 44 showed a f i n a l  e l e c t r o l y t e  c o n c e n t r a t i o n  o f  26.7$ 
KOH. The c e l l  had i n i t i a l l y  been assembled w i t h  40.$ KOH. 
t h e  f i r s t  s i n g l e  c e l l  s u b j e c t e d  t o  ex tended  c y c l i n g  w i t h  40% KOH, 
t h a t  d i d  n o t  c o n t a i n  v i t o n  rubber  edg ing  on t h e  a s b e s t o s  m a t .  
thought  t h a t  e l i m i n a t i n g  v i t o n  would e l imina te  t h e  e l e c t r o l y t e  
d e t e r i o r a t i o n  problem, b u t  t h e r e  were a p p a r e n t l y  o t h e r  d e t e r i o r a t i n g  
e f f e c t s  . 
T h i s  was 
It was 
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C e l l  # 4 5  was assembled t o  check and b a l a n c e  a new s i n g l e  c e l l  
C e l l  # 46 u t i l i z e d  the new c e l l  a s sembly ,  and w a s  se t  up t o  assembly .  
t e s t  i n c r e a s e d  c a p a c i t y  v a r i a b l e s  i n  t h e  m a t  and e l e c t r o l y t e  a r rangement .  
However, t h e  c e l l  e x h i b i t e d  ex t remely  l a r g e  d i f f e r e n t i a l  p r e s s u r e  
swings ,  and t h e r e f o r e  was d isassembled .  
the  new s i n g l e  c e l l ,  was c y c l e d  43 times. This  c e l l  a l s o  e x h i b i t e d  
l a r g e  d i f f e r e n t i a l  p r e s s u r e  swings,  p l u s  a c o n s i d e r a b l e  f a l l - o f f  i n  
v o l t a g e  a t  the end o f  d i s c h a r g e .  Disassembly o f  t h e  c e l l  r e v e a l e d  
t h a t  t he  s t a i n l e s s  s tee1 back-up p la tes  behind the  e l e c t r o d e s  had o x i d i z e d  
and cor roded  c o n s i d e r a b l y .  Cor ros ion  o f  t h e  s t a i n l e s s  s teel  was 
undoubtedly  a c o n t r i b u t i n g  f a c t o r  i n  the  l a r g e  d i f f e r e n t i a l  p r e s s u r e .  
T h e r e f o r e ,  i t  was dec ided  t o  have the, back-up p l a t e s  n i c k e l  p l a t e d  
t o  e l i m i n a t e  t h i s  problem i n  the  f u t u r e .  The f i n a l  KOH c o n c e n t r a t i o n  
i n  t h e  mat a f t e r  t h i s  t e s t  was found t o  have dropped from 4 6  t o  37.8%. 
The v a r i a t i o n  between KOH c o n c e n t r a t i o n s  i n  c e l l s  # 44 t o  # 47 i s  
d i f f i c u l t  t o  e x p l a i n .  
C e l l  # 4 7  a l s o  assembled u s i n g  
C e l l  # 48 was assembled w i t h  a p r e s s u r e  s w i t c h  c u t - o f f  and 
w a s  p u t  on l i f e  t e s t  a t  the s t anda rd  c y c l e .  Fo r  t h e  f i r s t  few days ,  
t he  c e l l  w a s  cyc led  o n l y  d u r i n g  the working day ,  and a l lowed  t o  s i t  a t  
tempera ture  and p r e s s u r e  ove rn igh t .  A f t e r  s u f f i c i e n t  conf idence  was 
b u i l t  up i n  the  c e l l  t h a t  no leaks e x i s t e d ,  t h e  c e l l  was cyc led  on a 
con t inuous  24 hour /day  b a s i s .  
d e t e r i o r a t i o n  i n  performance w a s  no ted .  However, i n  subsequen t  cyc le s ,  
t h e r e  a p p e a r s  t o  be a s l i g h t  d e t e r i o r a t i o n  i n  d i s c h a r g e  v o l t a g e .  
Average v o l t a g e  on d i s c h a r g e  i n i t i a l l y  was 0.86 v o l t s  p e r  c e l l .  
Discharge  v o l t a g e  g r a d u a l l y  dropped t o  approx ima te ly  0.82 v o l t s  p e r  
c e l l  a t  t h e  192th  c y c l e .  A t  t he  194th  c y c l e ,  t he  c e l l  s t a r t e d  t o  e x h i b i t  
a d rop  o f f  i n  v o l t a g e  a t  the  end of  d i s c h a r g e .  This t a i l i n g  o f  t he  
d i s c h a r g e  v o l t a g e  became more pronounced through t h e  209 t h  c y c l e ,  a t  
which t i m e  a s h a r p  d rop  i n  v o l t a g e  was r eco rded ,  i n d i c a t i n g  a n  
i n t e r n a l  s h o r t  had developed  w i t h i n  the  c e l l .  The c e l l  v o l t a g e  a t  
d i f f e r e n t  c y c l e s  i s  shown i n  F ig .  1. An examina t ion  o f  t h e  i n t e r n a l  
Throughout t h e  f i r s t  100 cyc le s ,  no 
4 110 -QL-3 6 
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components o f  t he  c e l l  r e v e a l e d  t h a t  t h e  c e l l  had p r o b a b l y  undergone 
a n  i n t e r n a l  chemical  r e a c t i o n .  A s  a r e s u l t  o f  t h i s  r e a c t i o n ,  t h e  
b o l t  c o n n e c t i n g  the> backup p l a t e  t o  t h e  O 2  t ank  behind  t h e  oxygen 
electrode was pushed Forward a g a i n s t  t h e  oxygen e l e c t r o d e  r e s u l t i n g  
i n  a mechanical  s h o r t  a c r o s s  t h e  mat. 
During the  d i s s a s s e m b l y  p r o c e s s ,  i t  was n o t e d  t h a t  a n  
a p p r e c i a b l e  q u a n t i t y  o f  water had condensed i n  t h e  p r e s s u r e  gauge used 
t o  moni tor  H and 0 t ank  p r e s s u r e  d i f f e r e n t i a l s .  The gauge ,  was 
k e p t  e x t e r n a l  t o  t h e  t e s t  oven d u r i n g  the  t e s t  p e r i o d .  T h i s  t e s t  
a r rangement  r e s u l t e d  i n  the  condensa t ion  o f  water  i n  the  gauge o v e r  t h e  
long p e r i o d  o f  c y c l i n g .  The cause o f  t h e  chemica l  r e a c t i o n  can be 
a t t r i b u t e d  t o  gas  mixing  caused by l a r g e  d i f f e r e n t i a l  p r e s s u r e s  and 
d r y i n g  o f  t he  m a t  due t o  l o s s  of  w a t e r  i n t o  t h e  d i f f e r e n t i a l  pressure 
gauge. The f a l l  o f f  i n  d i s c h a r g e  v o l t a g e  a t  t he  end o f  d i s c h a r g e  i n  
the  l a t t e r  c y c l e s  could  a l s o  be a t t r i b u t e d  t o  g a s  mixing .  (The l a r g e  
d i f f c r e n t i a l  p ressures  o b t a i n e d  in  s i n g l e  c e l l s  i s  v i r t u a l l y  e l i m i n a t e d  
i n  t h e  m u l t i c e l l  u n i t s  s i n c e  t h e  hydrogen and oxygen compartments a re  
s e p a r a t e d  by a f l o a t i n g  bel lows.)  
2 2 
These long term c y c l e  l i f e  r e s u l t s  a r e  c o n s i d e r e d  v e r y  
encouraging .  The a b i l i t y  t o  c y c l e  c o n t i n u o u s l y  t o  200 c y c l e s  a t  complete  
d e p t h s  i s  a c o n s i d e r a b l e  achievement , compared t o  e x i s t i n g  b a t t e r y  d a t a .  
The r e s u l t s  i n d i c a t e  no extreme d e t e r i o r a t i n g  e f f e c t s  t a k e  p l a c e  d u r i n g  
c y c l i n g  and t h e  d i f f i c u l t i e s  encountered  were caused  by the  t e s t  
method . 
C e l l  # 49 was s i m i l a r  i n  c o n s t r u c t i o n  t o  C e l l  ff 48 w i t h  the 
e x c e p t i o n  t h a t  t h e  p r e s s u r e  gauges were assembled i n s i d e  t h e  oven. 
However, a t  t h e  3 0 t h  d i s c h a r g e ,  t h e  v o l t a g e  f e l l  o f f  r a p i d l y ,  and t h e  
c e l l  a p p a r e n t l y  developed a n  i n t e r n a l  s h o r t .  Examinat ion o f  t h e  
i n t e r n a l  components d i d  n o t  r e v e a l  t h e  l o c a t i o n  o f  t h e  s h o r t .  Water 
was noted  w i t h i n  t h e  oxygen compartment i n d i c a t i n g  a p o s s i b i l i t y  o f  a 
chemical  r e a c t i o n .  However, no c h a r r i n g  o r  b l a c k e n i n g  o f  t h e  s u r f a c e  
was n o t e d .  The e x p l a n a t i o n  f o r  the c e l l  d i f f i c u l t y  was n o t  i n i t i a l l y  
a p p a r e n t .  Subsequent ly ,  on run fi 5 1 ,  i t  was found t h a t  a g a s  l e a k  
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had developed i n  t h e  d i f f e r e n t i a l  p r e s s u r e  gauge.  Th i s  i s  b e l i e v e d  t o  
be the  cause  of  gas  mixing.  
C e l l  # 50 was s e t  up a s  a h i g h  c a p a c i t y  t e s t  t o  r e p e a t  t he  
performance o f  C e l l  # 43 r e p o r t e d  i n  r e f e r e n c e  1. However, t h e  c e l l  
e x h i b i t e d  ve ry  l a r g e  d i f f e r e n t i a l  pressures  , and a r a p i d  f a l l - o f f  i n  
v o l t a g e  towards t h e  end o f  d i s c h a r g e  , so the  t e s t  was d i s c o n t i n u e d .  
C e l l  # 51 was a repeat of  t h e  c o n s t r u c t i o n  o f  c e l l s  48 and 49 
f o r  a c y c l e  l i f e  t e s t .  T h i s  test a l s o  had t h e  p r e s s u r e  gauges c o n t a i n e d  
w i t h i n  the  oven. On t h e  1 9 t h  c y c l e ,  t h e  v o l t a g e  e x h i b i t e d  a s h a r p  d r o p  
d u r i n g  a d i s c h a r g e  p o r t i o n  o f  t h e  c y c l e .  Subsequen t ly ,  a t t e m p t s  t o  
r echa rge  t h i s  c e l l  were u n s u c c e s s f u l .  The p r e s s u r e  w i t h i n  the  c e l l  
would n o t  b u i l d  up d u r i n g  cha rge  i n d i c a t i n g  i n t e r n a l  l eakage  and 
recombina t ion .  The c e l l  was d isassembled  and examined. I t  appea red  
t h a t  t h e r e  had been a chemical  r e a c t i o n  w i t h i n  the  c e l l .  Examinat ion 
o f  t he  d i f f e r e n t i a l  p r e s s u r e  gauge r e v e a l e d  a c r o s s  l e a k  through t h e  
gauge.  T h i s  r e s u l t e d  i n  gas  mixing be tween the  hydrogen-oxygen 
compartments and was the  cause  o f  t he  subsequent  chemica l  r e a c t i o n .  
Cons ide r ing  t h e  d i f f i c u l t i e s  encountered  w i t h  t h e  gauge ,  i t  h a s  been 
dec ided  t o  u s e  p r e s s u r e  t r a n s d u c e r s  a s  the  d i f f e r e n t i a l  p r e s s u r e  
i n d i c a t i o n  i n  f u r t h e r  long  term l i f e  c y c l i n g  tes ts .  
C e l l  # 52 was assembled to  de t e rmine  t h e  e f f e c t s  o f  h i g h  
tempera ture  o p e r a t i o n .  
c y c l e s ,  b u t  e x h i b i t e d  a d r i f t  i n  d i f f e r e n t i a l  p r e s s u r e ,  i n d i c a t i n g  gas  
l eakage .  I t  was l a t e r  found t h a t  t he  t e f l o n  i n s u l a t i n g  s l e e v i n g  used 
i n  a conax f i t t i n g  t o  e l e c t r i c a l l y  i n s u l a t e  t h e  d i f f e r e n t i a l  p r e s s u r e  
gauge from the  c e l l  had r e l a x e d  and developed a l e a k .  T i g h t e n i n g  
o f  t he  ccnax gland e l i m i n a t e d  the l e a k  f o r  a s h o r t  p e r i o d  of t i m e .  
As ide  from the  leakage  problem, i t  appeared  t h a t  the  c e l l  performed 
s a t i s f a c t o r i l y  from a mechanica l  s t a n d p o i n t ,  and no o t h e r  d e t e r i o r a t i o n s  
were a p p a r e n t .  
The c e l l  was cyc led  a t  15OoC f o r  t he  t h r e e  
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E l e c t r i c a l  performance was f a r  s u p e r i o r  t han  p r e v i o u s  t es t s  
w i t h  the  c e l l  c h a r g i n g  a t  approximate ly  1.43 v o l t s  a t  10.5 a m p s ,  and 
d i s c h a r g i n g  a t  0.84-0.89 v o l t s  a t  17-18.5 amps.  The d a t a  i s  shown i n  
F i g u r e  2 .  Due t o  t h e  leakage  i n  the e x t e r n a l  a c c e s s o r i e s ,  t h e  t e s t  
was d i s c o n t i n u e d .  
C e l l  # 53 was a n  a t t empt  a t  a n  i n c r e a s e d  c a p a c i t y  c o n f i g u r a t i o n .  
I t  c o n s i s t e d  o f  a m a t  of one l a y e r  of 0.060" and one l aye r  o f  0.015" 
f u e l  c e l l  a s b e s t o s .  I n  a d d i t i o n ,  one back-up s c r e e n  behind t h e  hydrogen 
e l e c t r o d e  was removed, and a 0.045'' s p a c e r  was employed. F i g u r e  3 
shows t y p i c a l  performance o f  the  c e l l .  Vo l t age  r o s e  r a p i d l y  a t  t h e  
end o f  cha rge .  The c e l l  a l s o  e x h i b i t e d  i n t e r n a l  r ecombina t ion  a t  
the  end o f  d i s c h a r g e ,  a s  noted  by the  slow r i s e  i n  p r e s s u r e  a s  a 
f u n c t i o n  o f  amp.hr. i n p u t .  On d i s c h a r g e ,  t h e  c e l l  e x h i b i t e d  a r a p i d  
f a l l - o f f  i n  v o l t a g e  towards t h e  end o f  t h e  c y c l e .  
C e l l  # 54 was a r e p e a t  of the  p rev ious  c e l l  w i t h  t h e  e x c e p t i o n  
t h a t  t he  e l e c t r o l y t e  c o n c e n t r a t i o n  w a s  changed from 44% t o  4 $ .  
c e l l  a l s o  e x h i b i t e d  poor performance,  i . e . ,  h igh  v o l t a g e  a t  t h e  end o f  
c h a r g e ,  and low v o l t a g e  a t  t h e  end o f  d i s c h a r g e .  
Th i s  
3 . 2  M u l t i - C e l l  Assembly and T e s t i n p  
I n  o r d e r  t o  o b t a i n  more in fo rma t ion  on m u l t i - c e l l  u n i t s ,  
a d d i t i o n a l  6 - c e l l ,  7 5  w a t t  u n i t s  were assembled and s u b j e c t e d  t o  t e s t .  
Table  2 summarizes the  c o n s t r u c t i o n  v a r i a b l e s  and r e s u l t s  o b t a i n e d  
from t e s t s  o f  75 w a t t  u n i t s .  For comparison u n i t s  S / N  101 and 102 
which were r e p o r t e d  i n  r e f e r e n c e  1 a re  inc luded  i n  t h e  t a b l e .  I n  
t h i s  p e r i o d  d i f f i c u l t i e s  were encountered i n  t h e  assembly  o f  the  6 - c e l l  
u n i t  due t o  l eakage  through t h e  s e a l s  around t h e  s t a c k  b o l t s .  (A s t a t  
seal  washer  i s  gsed  on t h e  shank o f  t he  s t a c k  b o l t  t o  p rov ide  a seal  
between the  hydrogen and oxygen compartments where the  b o l t s  go 
through the  s t a c k . )  
found t o  have unde r s i zed  shanks  , p r o v i d i n g  a n  inadequa te  seal  a l o n g  
t h e  shank.  This l eakage  w a s  determined i n  the  s t a n d a r d  check-out  o f  
t h e  c e l l  d u r i n g  assembly.  D i f f e r e n t  b o l t s  were u s e d ,  i n  assembly  
S/N 104, and were found t o  have s c r a t c h e s  and i m p e r f e c t i o n s  a l o n g  t h e  
N e w  b o l t s  were used i n  assembly  S/N 103 and were 
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shank which a l s o  r e s u l t e d  i n  leakage through the  s t a c k  b o l t s .  F i n a l l y ,  
a s e t  o f  s p e c i a l l y  machined b o l t s ,  w i t h  ground s h a n k s ,  had t o  be 
f a b r i c a t e d  t o  e l i m i n a t e  t h i s  d i f f i c u l t y .  A f t e r  e l i m i n a t i n g  the  
leakage  problem, the  6 c e l l  u n i t  (SN 105) was as sembled ,  and i n s t a l l e d  
i n  the  t e s t  chamber. 
About t e n  minutes  a f t e r  i n i t i a l l y  s t a r t i n g  t o  cha rge  t h e  u n i t ,  
a s h a r p  d rop  i n  cha rge  v o l t a g e  o f , -  1.5 v o l t s  was n o t e d ,  fol lowed 
s h o r t l y  t h e r e a f t e r  by a n o t h e r  1 .5  v o l t  d rop .  T h i s  d e c r e a s e  i s  i n d i c a -  
t i v e  of c e l l  s h o r t i n g .  The u n i t  was t h e r e f o r e  d i sa s sembled  and 
i n s p e c t e d .  Two c e l l s  i n  t h e  c e n t e r  o f  the  s t a c k  were found t o  be 
s h o r t e d ,  b u t  the  cause  o f  t h e  s h o r t  could  n o t  be de t e rmined .  An 
i n t e r e s t i n g  s i d e l i g h t  noted i n  the d i sa s sembly  was t h e  f a c t  t h a t  t h e  
f o u r  c e l l s  t h a t  d i d  n o t  s h o r t  had a s b e s t o s  m a t s  t h a t  were impregnated 
w i t h  the  normal b l a c k  d i s c o l o r a t i o n .  The s h o r t e d  c e l l s  were n o t  
d i s c o l o r e d .  Th i s  i m p l i e s  t h a t  some e l e c t r o c h e m i c a l  phenomenon i s  
c a u s i n g  the  d i s c o l o r a t i o n .  
C e l l  S/N 106 was reassembled w i t h o u t  a n y  f u r t h e r  problems,  
and s u b j e c t e d  t o  t e s t .  The c e l l  was cyc led  d u r i n g  t h e  working day ,  
and was a l lowed t o  s i t  a t  tempera ture  and p r e s s u r e  o v e r  t h e  n i g h t .  
A t o t a l  o f  70 c y c l e s  was accumulated.  During t h e  c y c l i n g  p e r i o d ,  
t h e r e  was a d e g r a d a t i o n  i n  performance,  a s  observed  by a n  i n c r e a s e  
i n  cha rg ing  v o l t a g e  and a dec rease  i n  d i s c h a r g e  v o l t a g e .  
c e l l  performance had a n  ave rage  d i s c h a r g e  v o l t a g e  o f  4 .9  v o l t s  and a 
cha rge  v o l t a g e  o f  9.4 v o l t s .  A t  t he  70 th  c y c l e ,  t h e  performance had 
d e t e r i o r a t e d  t o  a p o i n t  where the d i s c h a r g e  v o l t a g e  was 4.2--4.4 
v o l t s ,  and t h e  c h a r g i n g  v o l t a g e  had i n c r e a s e d  i n  approx ima te ly  9 .7  
v o l t s .  Th i s  d e t e r i o r a t i o n  i n  performance i s  shown i n  F ig .  4 . I n  
a d d i t i o n ,  t he  c e l l  e x h i b i t e d  a sharp  d i p  i n  v o l t a g e  a t  the  s t a r t  and 
end of  d i s c h a r g e .  To de te rmine  i f  the f a l l  o f f  i n  performance was 
caused by gas  mix ing ,  gas  samples from t h e  hydrogen and oxygen compart-  
ments  were taken  a t  the  end o f  t h e  7 0 t h  d i s c h a r g e .  A n a l y s i s  f o r  
hydrogen i n  t h e  oxygen sample and oxygen i n  the  hydrogen sample  by a 
g a s  chroma t o g r a p h i c  t e c h n i q u e s ,  showed e s s e n t i a l l y  no mixing  had t aken  
p l a c e .  
I n i t i a l  
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Throughout the  c y c l i n g ,  t h e r e  w a s  a g r a d u a l  d r i f t  i n  the  
d i f f e r e n t i a  1 p r e s s u r e  towards a n  i n c r e a s e  i n  hydrogen p r e s s u r e  , 
i n d i c a t i n g  a p o s s i b l e  oxygen l e a k .  On t h e  71st c h a r g e ,  a n  a b r u p t  
s h i f t  i n  the  d i f f e r e n t i a l  p r e s s u r e  was encountered .  This  was 
t r a c e d  t o  a g r o s s  l eak  t h a t  had developed i n  t h e  diaphragm o f  the  
p r e s s u r e  swi t ch  ( l o c a t e d  on t h e  oxygen t a n k ) ,  which i s  used t o  s h u t  
o f f  the  c h a r g e r  when the c e l l  comes up t o  p r e s s u r e .  A p p a r e n t l y ,  t h i s  
diaphragm had had a p i n h o l e  which a l lowed oxygen t o  e scape  d u r i n g  the  
e a r l y  c y c l e s .  The p r e s s u r e  swi t ch  c o n t a i n s  a b r a s s  p r e s s u r e  s e n s i t i v e  
diaphragm, which c l o s e s  a s e t  o f  c o n t a c t s  when the  p r e s s u r e  a c t i n g  
on t h e  diaphragm reaches  a p r e - s e t  l e v e l .  A 110 v o l t  sou rce  i s  a p p l i e d  
a c r o s s  t h e  c o n t a c t s  of  the  p r e s s u r e  s w i t c h ,  and i s  used  t o  a c t i v a t e  a 
r e l a y  which s h u t s  down t h e  cha rge r .  Most p robab ly ,  the  h o t  oxygen 
t h a t  leaked i n t o  the  p r e s s u r e  swi tch  i n  c o n j u n c t i o n  w i t h  the  a r c i n g  
o f  t he  c o n t a c t s  i n c r e a s e d  d e t e r i o r a t i o n  o f  t h e  diaphragm. The c e l l  
was a t  approx ima te ly  100 p s i  when the  oxygen gas  v e n t e d .  However, 
t he  be l lows  and s t a c k  h e l d  t h e  d i f f e r e n t i a l  p r e s s u r e  t h a t  was c r e a t e d ,  
and no o t h e r  r e a c t i o n s  took p l a c e .  Cons ide r ing  t h e  d e t e r i o r a t e d  
per formance ,  and the  d i f f i c u l t i e s  w i t h  the  p r e s s u r e  s w i t c h ,  i t  was 
dec ided  t o  d i s c o n t i n u e  the t e s t  and examine the  c e l l  s t a c k .  
Examinat ion of  t h e  i n t e r n a l  components o f  t he  m u l t i - c e l l  
r e v e a l e d  moderate  mechanical  d e t e r i o r a t i o n  of t h e  Pd /P t  oxygen 
e l e c t r o d e s .  A n a l y s i s  of  samples  of e l e c t r o l y t e  o b t a i n e d  from two 
c e l l  ma t s ,  show KOH c o n c e n t r a t i o n  o f  34.2 and 34.4%. 
t h e  a s b e s t o s  m a t s  were s u b s t a n t i a l l y  d i s c o l o r e d  w i t h  a b l a c k i s h - b l u e  
c o l o r  a d j a c e n t  t o  the  hydrogen e l e c t r o d e .  There was no f r e e  l i q u i d  
i n  the gas  s t o r a g e  t a n k s ,  and no d i s c o l o r a t i o n  o f  t h e  tank  w a l l s .  
The d e t e r i o r a t i o n  i n  performance observed could have been t h e  r e s u l t  
o f  e x c e s s i v e  h a n d l i n g  of t h i s  p a r t i c u l a r  c e l l  assembly  s i n c e  i t  had 
been assembled ,  d i sassembled  and reassembled a number of t i m e s  due 
t o  the  gas  leakage  problems around t h e  s t a c k  b o l t s .  
A s  i n  t h e  p a s t ,  
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Cons ide r ing  t h i s ,  an  i d e n t i c a l  c e l l  assembly (SN 1 0 7 ) ,  was 
c o n s t r u c t e d  and p u t  on t e s t .  The o n l y  d i f f e r e n c e  between t h i s  u n i t  
and the  p r i o r  u n i t ,  was t h i s  u n i t  was assembled i n  t h e  n i c k e l  p l a t e d  
aluminum gas  t anks .  Ce l l  4 107 was p u t  on a s t a n d a r d  c y c l i n g  t e s t  o f  
65  minutes  cha rge ,  3 5  minutes  d i s c h a r g e .  I t  h a s  a t  t h e  t i m e  o f  t h i s  
r e p o r t  been cyc led  210 times, and no a p p r e c i a b l e  d e t e r i o r a t i o n  h a s  
been observed .  The u n i t  i s  be ing  cyc led  c o n t i n u o u s l y ,  d a y ,  n i g h t  and 
o v e r  t h e  week-ends.  I t  w i l l  b e  cyc led  u n t i l  c e l l  performance shows 
s i g n s  of  d e g r a d a t i o n .  
3 . 3  M u l t i - C e l l  500 W Design 
The f i r s t  p r o t o t y p e  des ign  f o r  t h e  500 v o l t ,  600 wa t t  hour  
m u l t i - c e l l  u n i t  h a s  been completed.  The d e s i g n  c o n s i s t s  o f  3 4  ser ies  
connected c e l l s  employing the b i p o l a r  p l a t e  s t a c k  a r rangement  developed 
i n  Phase I o f  the  program. F igure  5 shows t h e  assembly  drawing  o f  t h e  
complete  u n i t .  The s e l f - c o n t a i n e d  u n i t  u t i l i z e s  t anks  t h a t  w i l l  c o n t a i n  
the  s t o r e d  hydrogen and oxygen. The t anks  a r e  c a p a b l e  o f  s t o r i n g  
s u f f i c i e n t  gas  t o  d e l i v e r  21 .5  amp. hour s .  The d e s i g n  i s  based on a 
p r e s s u r e  c y c l e  of  50-500  p s i g .  Also i n c l u d e d  w i t h i n  the  c e l l  i s  a 
p r e s s u r e  compensat ing be l lows  t o  minimize d i f f e r e n t i a l  p r e s s u r e s  
between the hydrogen and oxygen compartments.  Orders  have  been p laced  
f o r  a l l  components’ whose d e s i g n  can be f r o z e n  a t  t h i s  t i m e ,  which 
i n c l u d e  the  t a n k s ,  be l lows ,  b i p o l a r  p l a t e s  , f a s t e n e r s ,  e t c .  An a s p e c t  
o f  t h e  d e s i g n  t h a t  remains to  be f i x e d  i s  the  m a t  e l e c t r o l y t e  q u a n t i t y  
and compression t o  d e l i v e r  t h e  optimum c a p a c i t y .  The f i r s t  p r o t o t y p e  
t ankage  w i l l  be  f a b r i c a t e d  from s t a i n l e s s  s t e e l .  The d e l i v e r e d  
p r o t o t y p e  w i l l  i nco rpoga te  n i c k e l  p l a t e d  aluminum tanks  o f  t h e  same 
geometry a s  shown i n  F igu re  5 .  
3 . 4  I n s t r u m e n t a t i o n  
A c o n t r o l  and i n s t r u m e n t a t i o n  u n i t  was des igned  and f a b r i c a t e d  
f o r  the  500 W c e l l .  This u n i t  c o n s i s t s  o f  a c o n s t a n t  c u r r e n t  power 
supp ly  ( f o r  cha rg ing  the c e l l )  , a load  bank f o r  d i s c h a r g e ,  and c y c l i n g  
t i m e r s  sbch t h a t  any  c y c l e  from 10 minutes  t o  26 hour s  c a n  be programmed. 
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I n  a d d i t i o n ,  t h e  i n s t r u m e n t a t i o n  u n i t  c o n t a i n s  pneumatic  c o n t r o l s  f o r  
f i l l i n g  and f l u s h i n g  the  c e l l  du r ing  s t a r t - u p .  For  c e l l  o p e r a t i o n ,  
a n  envi ronmenta l  c o n t r o l  chamber was a l s o  f a b r i c a t e d  t h a t  w i l l  e n a b l e  
h e a t i n g  a n d / o r  c o o l i n g  o f  t h e  c e l l  a s  r e q u i r e d .  The i n s t r u m e n t a t i o n  
u n i t  c o n t a i n s  c o n t r o l s  f o r  a d j u s t i n g  the  envi ronmenta l  chamber t o  the  
d e s i r e d  ambien t ,  The u n i t  i s  p i c t u r e d  i n  F ig .  6 .  
3.5 E l e c t r o d e  P r e p a r a t i o n  
The h i g h  p o r o s i t y  e l e c t r o d e s  employed i n  the  r e g e n e r a t i v e  
c e l l  t o  d a t e ,  have been prepared  by manual a p p l i c a t i o n  o f  t h e  c a t a l y s t  
f l u i d  to  t h e  b a s i c  e l e c t r o d e  plaque.  Th i s  p rocedure  i s  b o t h  t i m e  
consuming and s u b j e c t  t o  v a r i a t i o n s  i n  q u a l i t y .  S ince  t h e  500 w a t t  
u n i t  w i l l  r equ i r e  78 e l e c t r o d e s  p e r  a s sembly ,  t h i s  manual p r o c e s s  h a s  
been deemed u n s u i t a b l e .  The re fo re ,  w e  a r e  a t t e m p t i n g  t o  s e t  up a n  
automated p rocess  f o r  e l e c t r o d e  p r e p a r a t i o n .  The p r o c e s s  c o n s i s t s  o f  
a r e c y c l i n g  f low system i n  which the c a t a l y s t  s o l u t i o n  i s  p u l l e d ,  v i a  
vacuum, through the  n i c k e l  p laques  i n  c o n t r o l l e d  p u l s e s .  
To d a t e  e l e c t r o d e s  made by the automated p rocess  have n o t  
been  found t o  be s u i t a b l e .  The problem has  been t h a t  the  c a t a l y s t  
h a s  been d e p o s i t e d  a s  a loose  s u r f a c e  c o a t  t h a t  i s  mechan ica l ly  
u n s t a b l e .  I n d i c a t i o n s  a re  t h a t  t h i s  i s  due t o  i n c o r r e c t  ( t o o  slow) 
c y c l e  t iming .  A hew c y c l e  t i m e r  h a s  been pu rchases .  P r e l i m i n a r y  
t e s t s ,  a t  h i g h e r  c y c l e  ra tes ,  i n d i c a t e  t h a t  h i g h  performance 
e l e c t r o d e s  can be o b t a i n e d .  
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FIG. 6 CONTROL AND LOAD BANK FOR 500 WATT F U E L  CELL 
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4 .  CONCLUSIONS 
Both s i n g l e  and m u l t i p l e  c e l l  tes ts  have demonst ra ted  that >200 
f u l l  d e p t h  of  d i s c h a r g e  c y c l e s  can be a t t a i n e d .  T h i s  r e p r e s e n t s  a 
c o n s i d e r a b l e  improvement i n  performance and r e l i a b i l i t y .  Major 
problems t h a t  have been noted  i n  t h i s  r e p o r t  p e r i o d  are  c h i e f l y  due 
t o  a c c e s s o r y  and i n s t r u m e n t a t i o n  d i f f i c u l t i e s .  There a p p e a r s  t o  be 
no fundamental  problem i n  a c h i e v i n g  >500 c y c l e s .  
A d d i t i o n a l  e f f o r t  w i l l  be r equ i r ed  t o  f u r t h e r  d e f i n e  the  e l e c t r o l y t e  
and a s b e s t o s  r equ i r emen t s  f o r  t he  a t t a i n m e n t  of  120 amp hour  c a p a c i t i e s .  
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5. PLANS FOR THE NEXT PERIOD 
The s i x  c e l l  u n i t ,  SN 107, w i l l  be  cyc led  u n t i l  performance degrades .  
The c e l l  w i l l  then  be d isassembled  and a f a i l u r e  a n a l y s i s  made. 
I n s t r u m e n t a t i o n  f o r  the  s i x  c e l l  u n i t  w i l l  be removed from t h e  t e s t  
area d u r i n g  the d i sa s sembly  and r ep laced  w i t h  the 34 c e l l  u n i t  
i n s t r u m e n t a t i o n ,  S i n g l e  c e l l  t e s t i n g  w i l l  be con t inued  w i t h  the  
o b j e c t i v e s  of a t t a i n i n g  r e l i a b l e ,  h igh  performance o p e r a t i o n  a t  >20 amp. 
hour  c a p a c i t i e s .  I n  a d d i t i o n ,  c e r t a i n  a d d i t i o n a l  h i g h  t empera tu re  
s t e r i l i z a t i o n  tes ts  (150 C)  on s i n g l e  c e l l s  w i l l  b e  made t o  o b t a i n  
p e r t i n e n t  o p e r a t i o n a l  d a t a .  
0 
F a b r i c a t i o n  o f  t he  34 c e l l  u n i t  i s  scheduled  f o r  comple t ion  
d u r i n g  A p r i l ,  1965. It i s  a n t i c i p a t e d  t h a t  p r e l i m i n a r y  assembly  and 
checkout  o f  t h i s  u n i t  w i l l  be  conducted d u r i n g  t h e  n e x t  q u a r t e r .  
A d d i t i o n a l  t es t s  and e v a l u a t i o n s  o f  t he  au tomated  e l e c t r o d e  
p r o c e s s  w i l l  be  conducted .  S i n g l e  c e l l  performance tes ts  o f  
randomly s e l e c t e d  e l e c t r o d e s  w i l l  be used t o  e v a l u a t e  t h e  e l e c t r o d e s  
produced. 
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